Introduction
============

Longitudinal studies show that around 50% of children with HA continue to suffer from HA as adults \[[@R1]\], \[[@R2]\]. This discouraging long term prognosis illustrates the need for early and focused prevention or intervention. Therefore, the development of aetiological models is of great importance \[[@R3]\], \[[@R4]\].

As recurrent HA is generally assumed to be influenced by psychosocial factors \[[@R5]\], \[[@R6]\] as well as pathophysiological mechanisms (e.g., \[[@R7]\]), the relevance of an investigation of potential psychosocial risk factors for the incidence of paediatric HA is undeniable. Research to date has investigated many different constructs that could be seen as potential stressors that can lead to HA, but with often conflicting results. Numerous studies provided evidence for an association of certain factors, whereas others did not. From a range of variables tested in the 'KiJuKo-'project, the current study selected those which could be subsumed under the two domains 'school factors' and 'psychological factors' (see [Attachment 1](#SD1){ref-type="supplementary-material"}), as these factors were frequently associated with HA in the pertinent literature.

In children and adolescents, especially stresses and strains in the school context were identified as influential factors in connection with HA \[[@R8]\], \[[@R9]\], \[[@R10]\], \[[@R11]\] and named as a trigger for HA \[[@R12]\]. Data from the World Health Organization (WHO) working group on the Health Behaviour in School-aged Children (HSBC) showed that the probability of weekly HA in adolescents with a high level of school-related stress is approximately four times higher than for adolescents without school-related stress \[[@R13]\]. The data also shows that children with HA tended to spend more time on their homework than children from a headache-free control group \[[@R14]\]. Gordon et al. \[[@R10]\] showed in their analyses that children with weekly HA were much more likely to experience negative feelings regarding school, feel unfairly treated by teachers, complain of 'feeling left out' and tended to report poor achievement. Various other studies found that there was a close correlation between 'bullying' or problems with school mates and HA \[[@R4]\], \[[@R15]\], \[[@R16]\]. Although the majority of publications agree that those factors exert an influence on HA, there are a number of researchers who failed to find connections between these factors and the occurrence of HA (e.g., \[[@R10]\], \[[@R17]\]).

On balance, research so far supports correlative relationships between school-related factors and HA despite contrary findings by some studies. However, the cause and effect relationship remains unclear \[[@R17]\], \[[@R18]\], as HA itself may be experienced as a stressor \[[@R10]\], \[[@R19]\], which may lead to psychosocial consequences such as poor school performance.

It is now widely agreed that dysfunctional stress coping is an important link between stress and pain experiences \[[@R9]\], \[[@R19]\], \[[@R20]\]. Saile \[[@R21]\] showed in a postal survey that children with HA twice per week or more used more dysfunctional coping strategies in stressful situations such as passive avoidance, rumination, resignation and irritable behaviour than children without HA.

Further research efforts have focused on the association between paediatric HA and psychiatric symptoms such as anxiety or depression. School children with recurrent weekly HA reported higher levels of anxiety and depression-related symptoms compared to children who seldomly or never had HA \[[@R22]\], \[[@R23]\]. In a population-based study, Egger and colleagues \[[@R24]\] described that conduct disorders were associated with the occurrence of weekly HA in boys, whereas for girls depression and anxiety disorders appeared relevant.

Longitudinal observations supported the link between anxiety/depression and HA \[[@R10]\], \[[@R25]\], \[[@R26]\]. Higher depression levels could predict HA frequency at a one-year follow-up \[[@R27]\]. In Rhee\'s \[[@R28]\] one-year longitudinal study, depression and low self-esteem in the first wave predicted HA in girls (but not in boys) a year later. Martin \[[@R29]\], however, assumed in his 'functional model of chronic headache' a reversed cause and effect direction. He postulated that HA can lead to social withdrawal because HA sufferers begin to avoid social activities. This, in turn, could result in negative emotions, such as sadness, anxiety or anger. Furthermore, children with frequent or severe HA tended to be more frequently affected by attention deficit disorder \[[@R30]\]. Virtanen and co-authors showed that externalising behaviour problems at the age of 11 could predict the incidence of monthly HA at the age of 14 (as judged by the parents) \[[@R31]\]. There are also authors, however, who failed to find a relationship between HA and anxiety/depression \[[@R3]\], \[[@R31]\] or externalizing symptoms \[[@R27]\].

Previous studies have found sex differences in HA in children and adolescents \[[@R28]\], \[[@R32]\], \[[@R33]\]. The female preponderance among children and adolescents with HA and other syndromes was linked to biological, social or psychological differences. Different factors have been discussed such as hormonal influences \[[@R34]\], \[[@R35]\], \[[@R36]\], biological differences in processing noxious stimuli \[[@R37]\], psychological factors, e.g., self-esteem \[[@R28]\], depression \[[@R24]\], \[[@R28]\], anxiety \[[@R24]\], behavioural and environmental factors, e.g., social-learning processes through modelling, gender role, pain coping strategies, parents' dealing with children's HA \[[@R9]\] or parents' health \[[@R32]\], \[[@R38]\]. A combination of these and other factors may cause the sex differences found.

To sum up: Whereas there is some support for the correlation between school-related and psychological variables and HA, the causal relationships are far from clear. Psychosocial stressors and psychological impairments can be seen as risk factors for HA, as consequences of HA or as both cause and effect in the form of a vicious circle \[[@R29]\], \[[@R39]\]. Empirical findings to date do not permit a decision between these possibilities \[[@R19]\], \[[@R25]\]. Therefore, the objective of the present study is to use unidirectional analyses to identify those factors that precede the incidence of recurrent HA and are therefore candidates for causal factors in the development of recurrent HA. The risk factors as well as headache were assessed retrospectively for a specified time, mostly 6 month, prior to the filling in of the questionnaire (for the exact time windows covered please see [Attachment 1](#SD1){ref-type="supplementary-material"}). Therefore, in order to establish temporal precedence, we used risk factors from Wave 1 to predict the incidence of headache at Wave 2, rather than those from the same wave.

The following hypotheses will be tested:

First, it is hypothesized that stressful experiences (as reported in Wave 1) in the school context can increase the risk of developing recurrent HA (in Wave 2). Stressful school-related experiences were operationalised as 'time spent on homework', 'academic problems', 'deteriorating grades', 'danger of grade repeat', which in themselves could provide a hint to problems at school, as well as 'school stress' such as bullying, isolation and school-related fears (see [Attachment 1](#SD1){ref-type="supplementary-material"}).

Second, it is hypothesized that a high extent of 'dysfunctional stress coping' and the other psychological variables (as reported in Wave 1) increase the chance of developing paediatric HA (in Wave 2). Psychological variables were operationalised as 'dysfunctional stress coping strategies', 'reaction to failure', 'anger expression', 'anxiousness/depressiveness', 'hyperactivity' and 'aggressive behaviour' (see [Attachment 1](#SD1){ref-type="supplementary-material"}).

Since previous findings confirm the relevance of sex-specific effects \[[@R27]\], \[[@R28]\], the present study investigated whether potential risk factors have differing effects on HA in boys and girls.

Methods
=======

Sample and procedure
--------------------

This investigation is part of a large-scale, longitudinal epidemiological study (Children, Adolescents & Headache Study, 'KiJuKo') based on four annual surveys (2003--2006). Results presented here stem from the first two waves.

In the first assessment period (Wave 1, W1, 2003), 8800 families with a child aged 7 to 14 years received one questionnaire for the parents and one for the child (if the child was aged 9 years or older). The results reported here are based on the parents' responses in order to provide information also for younger children (7 to 8 years of age). Furthermore the parents' questionnaire contained a total of 111 questions (in W1) whereas the childrens' questionnaire included only 43 questions, as in a pilot study it became apparent that a more comprehensive questionnaire would be too long for the younger children. Parents' reports have also been utilised in a number of other studies \[[@R32]\], \[[@R40]\], \[[@R41]\], \[[@R42]\], \[[@R43]\]. The parents were asked to answer a total of 111 questions (in W1) regarding socio-demographic variables and variables relating to their child's health, family, school, free time/friends and life events as well as emotional and behavioural problems. Extensive measures were implemented to optimize responses and reduce bias \[[@R44]\], \[[@R45]\]. For more detailed information regarding the KiJuKo Study, questionnaire development and results from W1, see Kröner-Herwig et al. \[[@R46]\], \[[@R47]\].

Of the 5586 parents who responded in W1, 5580 consented to be contacted again one year later. In Wave 2 (W2: 2004), 4159 of these parents participated. Of the returned questionnaires, 113 had to be excluded because the identity of the child could not be verified (e.g. a child entered as a "boy" in W1 was now reported as a "girl"). A further 8 questionnaires were omitted because the respondents had answered less than 50% of the items and 54 questionnaires because the item regarding headache frequency had not been answered. Ultimately, 3984 questionnaires were included in our analyses (71.3% of the valid parent questionnaires from W1 respondents). In W2, the children and adolescents had a mean age of 11.3 years (SD ± 2.3 years; range 8--15 years), 49.5% were boys.

Design
------

For both waves, W1 and W2, the children's HA frequency as judged by their parents was grouped into four categories (no HA, \<1/month, 1/month \<1/week, ≥1/week). Only children who had *no* recurrent HA in W1 (i.e., HA either never or less than once per month in the preceding six months), but developed recurrent HA in W2 were included in the analyses (incidence sample). As can be seen in Figure 1 [(Fig. 1)](#F1){ref-type="fig"}, the criterion variable in W2 was defined as belonging to the group 'recurrent HA' (HA at least once per month in W2) as opposed to 'no recurrent HA' (HA less than once per month in W2). This categorisation was chosen because of its clinical relevance and because it is in line with categorisations utilised in other studies \[[@R48]\], \[[@R49]\], \[[@R50]\].

The predictor variables were assessed by several items of the parents' questionnaire in W1 (see [Attachment 1](#SD1){ref-type="supplementary-material"} for exact specifications of item content, number of items, internal consistency, and item sources). The predictors were grouped into the domains 'school variables' and 'emotional and behavioural problems'. Since, due to their length, complete psychometric tests (for example *Stressverarbeitungsfragebogen* \[[@R51]\] for dysfunctional stress coping strategies) could not be adopted in the epidemiological study, it was necessary to select the most useful items to be included. This item selection was based on the criterion 'largest item-scale correlation coefficient' or 'largest factor loadings' in the original test analysis. In order to validate the scales thus shortened, a separate study was conducted on a sample of 250 children and the concordance with the original scales calculated. The validity of the selected items was demonstrated by the large correlations (.74≤*r*≤.96).

Descriptive statistics for all variables are listed in Table 1 [(Tab. 1)](#T1){ref-type="fig"}. Due to the satisfactory internal consistency (see [Attachment 1](#SD1){ref-type="supplementary-material"}; Cronbach's Alpha, α≥0.6 \[[@R52]\]), the multi-item variables, which were assessed on 5-point rating scales, were combined into a mean scale score (see Table 1c-d [(Tab. 1)](#T1){ref-type="fig"}). Higher values in the scale can be interpreted as unfavourable and lower values as favourable. The variable 'time for homework' was dichotomized (Table 1c [(Tab. 1)](#T1){ref-type="fig"}) in order to distinguish between 'spending much time' and 'spending little time' on homework. The cut-off was arbitrarily set at 'more/less than two hours per day'.

Statistical analyses
--------------------

Before the data were analysed, an extensive data consolidation was undertaken. Data were crosschecked for correct data entry and examined for inconsistent answer patterns. From each wave to the next it was ascertained that the questionnaires referred to the same child (age/sex). Cases in which this could not be verified were excluded from further analyses. A binary logistic regression analysis with the criterion 'no/recurrent HA' and the predictor variables of the domains 'school variables' and 'emotional and behavioural problems' was carried out (method: Enter \[[@R53]\]). Cases with missing data were excluded from the analyses. Multicollinearity between the predictor variables could be excluded through appropriate diagnostics \[[@R54]\]; all variance inflation factor (VIF) values lay within the range 1--2.

First, age and sex were assessed with regard to their influence on the incidence of recurrent HA. Since sex appeared to be a meaningful predictor (see below), further analyses were conducted separately for boys and for girls. Age seemed to have only a very limited predictive power (see below) and was used as a control variable in the later analyses.

As the next step in the binary logistic regression analyses, every possible risk factor was analysed individually (age-adjusted single variable model) for its power to predict the incidence of recurrent HA \[[@R55]\]. After the univariable analyses, all variables with a *p*-value \<.25 in the univariable analyses were entered into the multivariable regression model \[[@R55]\].

All statistical analyses were performed using SPSS software, version 15.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

In W2, according to parents\' responses, 49.5% (*n*=1908) of the children experienced no HA, 26.6% (*n*=1029) experienced HA \<1/month, 17.1% (*n*=659) a minimum of 1/month and 6.8% *(n*=261) ≥1/week.

Univariable logistic regression analyses
----------------------------------------

### Sex and age

In order to determine the impact of sex and age on the incidence of recurrent HA, both variables were initially examined for their influence in one model.

Girls were more likely to experience recurrent HA than boys (*p*\<.001; OR=1.54; 95% confidence interval \[CI\]=1.24--1.92) and as age increased, children were more likely to report recurrent HA (*p*\<.01; OR=1.07; 95% CI=1.02--1.12). Nagelkerke's *R^2^* amounted to 1.5%, indicating a poor fit of the model.

Sex-specific regression models (univariable analyses)
-----------------------------------------------------

### Boys

Univariable binary logistic regression analyses revealed that there were several significant factors that increased the risk for the incidence of HA for boys, namely: 'academic problems' (*p*\<.05; OR=1.53; 95% CI=1.03--2.28), 'school stress' *(p*\<.05; OR=1.34; 95% CI=1.02--1.75), 'reaction to failure' (*p*\<.05; OR=1.35; 95% CI=1.12--1.62), 'dysfunctional stress coping' (p\<.05; OR=1.53; 95% CI=1.2--1.92), 'anxiousness/depressiveness' (*p*\<.05; OR=1.55; 95% CI=1.18--2.03) and 'aggressive behaviour' (*p*\<.05; OR=1.42; 95% CI=1.10--1.83). The influence of age was controlled in each of the univariable models and shown to be irrelevant (all *p*'s\>.05).

### Girls

In the univariable model, all variables named above as relevant in boys were also relevant in girls, with the exception of 'aggressive behaviour' (*p*\>.1; OR=0.91; 95% CI=0.60--1.39), namely: 'academic problems' (*p*\<.05; OR=2.12; 95% CI=1.47--3.05), 'school stress' (*p*\<.05; OR=1.44; 95% CI=1.13--1.82), 'reaction to failure' (*p*\<.05; OR=1.29; 95% CI=1.09--1.52), 'dysfunctional stress coping' (*p*\<.05; OR=1.72; 95% CI=1.41--2.09) and 'anxiousness/depressiveness' (*p*\<.05; OR=1.75; 95% CI=1.38--2.23). Further predictive factors for girls were the variables 'time spent on homework' (*p*\<.05; OR=0.35; 95% CI=0.13--0.99) and 'deteriorating grades' (*p*\<.05; OR=2.15; 95% CI=1.11--4.18). In contrast to boys, age was shown to be a significant predictor for the incidence of HA in girls. However, the ORs for the influence of age ranged from 1.08 to 1.10, which is very low. As such, age appeared to have only a very limited effect on the incidence of recurrent HA.

Multivariable logistic regression analyses
------------------------------------------

### Boys

In the multivariable regression model, none of the variables contributed to the prediction of recurrent HA in boys (Table 2 [(Tab. 2)](#T2){ref-type="fig"}).

Age also remained no longer significant in the multivariable model (*p*\>.1; OR=1.07; 95% CI=0.99--1.16). The explained variance (Nagelkerke's *R^2^*) was very low (2.9%).

### Girls

In a multivariable model, only 'academic problems' and 'dysfunctional stress coping' had an influence on the incidence of recurrent HA in girls after one year. The most powerful predictor was the variable 'academic problems': girls whose parents reported that their daughters suffered from academic problems had a 1.9 times increased chance of reporting recurrent HA (Table 3 [(Tab. 3)](#T3){ref-type="fig"}).

Girls whose parents reported 'dysfunctional stress coping' for their daughters had a 1.4 times increased chance of reporting recurrent HA (Table 3 [(Tab. 3)](#T3){ref-type="fig"}) compared to girls for whom the parents did not affirm dysfunctional coping. The multivariable model also revealed that age was not an explanatory factor (*p*\>.1; OR=1.06; 95% CI=0.98--1.14). The two variables identified ('academic problems' and 'dysfunctional stress coping') accounted for only 6.8% (Nagelkerke's *R^2^*) of the occurrence of recurrent HA, leaving 93.2% of the variability still to be accounted for by other factors.

Discussion
==========

The present study set out to investigate whether psychosocial factors contribute to the prediction of the incidence of recurrent HA one year after the first assessment. Different risk profiles were found for boys and girls when the data were analysed separately. This result technically confirmed the hypothesis of sex-specific effects, but the variance explained by the model was very low. We found only a very slight effect of age on HA frequency in girls. It is an often reported finding, that from the age of 12 years onwards, girls experience HA more often than boys (e.g. \[[@R12]\]). These reports gave rise to the speculation that the increase of headache in girls might be the consequence of their pubertal development after the onset of menarche. Kröner-Herwig und Vath investigated this directly \[[@R56]\] and found only a relatively small impact (2.2% explained variance) of menarche on headache; this is in line with other authors (e.g. \[[@R12]\]).

In accordance with our hypotheses and the results of other publications \[[@R4]\], \[[@R10]\], the variables 'academic problems' and 'dysfunctional stress coping' were shown to be relevant to the incidence of paediatric HA in girls in a multivariable model. The data presented here show girls with 'academic problems' to be more likely to develop recurrent HA than those without such problems. The more often girls apply 'dysfunctional stress coping strategies', the higher the risk that they develop recurrent HA. Against our expectations based on the literature (see Introduction), none of the school-related factors or emotional and behavioural problems investigated were found to have an effect on the incidence of HA in boys when assessed in a multivariable model. Although the predictor variables examined had an influence on the outcome variable when investigated in isolation, this influence disappeared once further factors were taken into account, indicating that the variables shared some of the information with regard to the prediction of HA.

The majority of possible relationships described in the literature could not be substantiated through our analyses. In the present study, no evidence was found that factors such as the time required for homework, deteriorating grades, fear of being forced to repeat a year at school, stress at school or the examined emotional and behavioural problems represent risk factors for the incidence of paediatric HA. This result has to be seen in the context of the fact that the present sample is a general population sample, which by its nature is not very burdened regarding HA or the predictor variables (see Table 1 [(Tab. 1)](#T1){ref-type="fig"}, descriptive statistics). It is possible that some factors gain influence only once a certain level of intensity is reached. Many associations reported in the literature were studied in clinical populations that, naturally, were more severely affected (e.g. \[[@R57]\], \[[@R58]\]).

Moreover, there are some indications that parents may underestimate the HA frequency of their children \[[@R59]\], \[[@R60]\]. However, Kröner-Herwig et al. \[[@R61]\] showed that parents' reports are a more valid source for externally observable behaviour, whereas for internal cognitive-emotional processes the children's reports are the most adequate source. The parents-children interrater reliability was lowest for depressive symptoms *(r*=.27), whereas the correlations between parents\' reports and children's reports regarding HA frequency were high (*r*=.65). In general, children's self-reports mentioned more HA and other pain as well as somatic and depressive symptoms than their parents' reports \[[@R61]\].

Although the majority of publications agree that those factors exert an influence on HA, there are a number of researchers who -- in line with our results -- failed to find connections between these factors and the occurrence of HA. Similar to the present study, Laurell et al. \[[@R3]\], did not find any connection between HA and the time spent on homework. Observations reported by Gordon et al. \[[@R10]\] and Santienello and co-authors \[[@R17]\] also show that bullying at school was not associated with frequent HA. The results presented here are also consistent with those of an Austrian group \[[@R62]\], who found no difference between children with migraine or TTH and healthy controls regarding school/workload stress. The authors concluded that migraine is not associated with family, home or school related factors \[[@R62]\], whereas TTH is associated with a higher rate of divorced parents and fewer peer relations.

The same situation obtains with regard to emotional and behavioural problems (for example anxiousness/depressiveness). Various authors found no relationship between HA and anxiety/depression \[[@R3]\], \[[@R31]\] or externalizing symptoms \[[@R27]\]. These results were corroborated by the data presented in this study. Aggression, conduct disorder and hyperactivity/inattention appeared not to be associated with weekly HA \[[@R10]\].

In the authors\' opinion, the differences between some previous studies and the present findings result from the different methodological approaches, for example the study sample recruited (clinical vs. population sample, sample size), information sources (parental vs. children\'s responses), the criterion variable (incidence vs. occurrence) and its operationalisation (headache diagnosis vs. frequency), follow-up time and cross-sectional vs. longitudinal analyses.

Strengths and limitations
-------------------------

The large, population-based sample allows for the drawing of conclusions about the general population and avoids a bias resulting from the observation of samples from clinical subgroups of patients, who already use the healthcare system. Children who already sought medical help for their condition may suffer from stronger HA and may reasonably be expected to have patterns of experiences and behaviour distinct from children with moderate or less impairing HA \[[@R3]\].

Longitudinal studies, which are ideal for analysing factors that *predict* HA, rather than merely *accompany* HA, are only seldom carried out. The unidirectional design regarding the incidence of symptoms has, to the best of our knowledge, been used only in a few studies to date (e.g., \[[@R63]\]). Other longitudinal studies concentrate on changes in the HA diagnosis or relate to symptoms and risk factors that are not the focus of the present study (e.g., \[[@R30]\], \[[@R64]\], \[[@R65]\]).

The present study focused exclusively on the incidence of HA, by concentrating on children who had no recurrent HA in W1 and developed HA over the following year. This constitutes a very strict criterion. It was chosen in order to disengage the psychosocial factors that might be causative factors for the development of HA from those factors that are simply correlated with HA, since temporal precedence is a necessary, albeit not sufficient condition, for such a causal role. The conclusion that most of the psychosocial factors investigated do not appear to precede the development of HA has to be drawn with great caution, since a number of possible limitations has to be taken into consideration.

Firstly, this article reports data from a one-year follow-up. It is possible that the effects of some factors will only become apparent after a longer follow-up interval.

Secondly, in the present study, the focus lay on the frequency of HA rather than the different types of HA (migraine, TTH). The reason for this approach was that diagnoses based on conclusions drawn from questionnaire data have been criticised, and the use of interviews has instead been advocated \[[@R66]\]. In addition, there is evidence to suggest that parents and children generally find it difficult to differentiate between some symptoms, leading to around 20%--30% of HA that have to remain unclassified in epidemiological studies \[[@R45]\], \[[@R67]\].

Thirdly, we explored parents' reports because they formed a more extensive data base and also permitted to make statements about younger children (\<9 years). It is possible that we would have reached different conclusions if we had used the children's reports. Moreover, as in most epidemiological studies, it was not feasible to use HA diaries/protocols or other means designed to minimize recall biases routinely used in clinical studies.

Fourthly, although the response rate of 47.3% related to the original sample in Wave 1 is comparable to response rates achieved in other studies that did not rely on school-based surveys \[[@R1]\], \[[@R25]\], one might argue that it is nevertheless rather low, which may limit the representativeness of the results.

Finally, a selection bias due to non-response of a specific group in Wave 2 cannot be ruled out. Parents whose child had HA, or parents who had HA themselves, may have been more likely to respond than parents who were HA-free or whose children were HA-free. This bias should result in an overestimation of the prevalence of paediatric HA. Such an overestimation was not confirmed, however, as most of our figures regarding prevalence tended to be lower than in other studies.

Conclusion
==========

Our analyses show that the majority of the selected psychosocial variables do not signal an increased risk for the incidence of recurrent HA. With the exception of dysfunctional stress coping and academic problems, which seemed to have a small influence in girls, rigorous testing in an incidence sample rejected a causal role for school-related and psychological factors in the development of HA in children and adolescents.

Notes
=====
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Erratum
=======

Fig. 1 has been replaced by a corrected version.
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###### Appendix: Predictor variables (Wave 1) for parents data
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